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Binuclear complexes built from square-planar Rh(I) or Ir(I)
isocyanide units exhibit rich photophysical and photochemical
properties.!® Extensive studies in our laboratory have established
that the lowest electronic excited states of one of these complexes,
Rhyb,2* (b = 1,3-diisocyanopropane) ['A,, (Dg) ground state;
Rh-Rh = 3.24 A),101 are a spin triplet (3A,,) and a spin singlet
(*A,,) derived from the do*po(lay,2a,,) orbital configuration®®
and that the E,(*A,,) phosphorescent state (r = 8.5 us, CH;CN
solution, 25 °C)® undergoes electron-transfer reactions with donors
and acceptors.* Our decision to begin experiments with the goal
of extending this type of photochemistry to analogous Pt(II)
complexes was based mainly on reports of an intensely luminescent,
phosphite-bridged binuclear species, Pt,(P,05)Hs* (Pt—Pt = 2.93
A).1>14 Our experiments have shown that the properties of the
lowest electronic excited states of Pty(P,0s),Hs* are entirely
analogous to those of Rh,b,**, and they have provided the first
examples of electron-transfer reactions involving excited Pt(II)
species and acceptor molecules.

The electronic absorption spectrum of an aqueous solution of
K, [Pt,(P,0s),Hj;] exhibits bands at 367 (epg, 3.45 X 10%) and 452
nm (e 1.1 X 102 mol™! dm?® cm™) (Figure 1).!* The intense
367-nm band is attributable to the 'A,, < 1A, transition, whereas
the band at 452 nm is due to the ’A,, < A, transition.!®
Excitation (367 nm) of a degassed aqueous solution of K,[Pt,-
(P,0,)4H;] at room temperature results in fluorescence (A, =
407 nm, 7 < 2 ns; 'A,, — 'A,,) and phosphorescence (Apg; = 517
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Figure 1. Absorption (—; left scale for ¢ values) and corrected emission
(---) spectra of an aqueous solution (25 °C) of K,[Pt,(P,05)4H;].
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Figure 2. Transient difference spectrum of a degassed aqueous solution
(25 °C) of K4[Pt,(Py05)4Hj]; the experiment employed Nd:YAG laser
(fwhm, 8 ns) excitation (third harmonic, 355 nm).

nm, 7 = 9.8 (2) ps; 3A,, = 'A,).!"1* The same sample phos-
phoresces at 517 nm upon excitation at 452 nm. Addition of O,
results in significant quenching of the phosphorescence (v = 0.9
(1) us; [Pty(P,05),Hg*] ~ 10*-107° M, O, saturated), but such
addition has no appreciable effect on the intensity of the
fluorescence.

The transient difference spectrum of a degassed aqueous so-
lution of Pt,(P,0s),Hs* upon 355-nm excitation is shown in Figure
2. The decay of the transient is first order at all wavelengths
(r=11(1),460; 10 (1) us, 380 nm), and the transient spectrum
shows bleaching of the ground-state absorption between 330 and
400 nm. The results show that the transient is the phosphorescent
state, 3A,,. The intense absorption band at 325 nm in the A,,
spectrum unquestionably is an allowed transition, and one rea-
sonable assignment is dg — do*.

(17) Similar emission spectra also were observed for microcrystalline
samples of K,[Pt,(P,0s){Hg] and [PhyAs],[Pt,(P,0s);Hs]. The phos-
phorescence lifetime of the solid potassium salt at room temperature is 3.7
us (Amax = 509 nm), and at 77 K it is 7.1 us. [Ph,As],[Pt,(P,05),Hy] was
prepared by metathesis of [Ph,As]Cl and K {Pt,(P,0s),H;] in aqueous so-
lution.

(18) Where there is overlap, our results accord with those of Fordyce,
Bremmer, and Crosby, who have studied the emission properties of K4[Pt,-
(P,05),Hy] over a wide temperature range.*
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The phosphorescence of in aqueous solution is quenched by
1,1’-bis(2-sulfoethyl)-4,4’-bipyridinium inner salt (BSEP).
Transient absorption attributable to BSEP~ (A, ~ 610 nm)'®
is observed in flash kinetic spectroscopic studies of aqueous so-
lutions containing Pt,(P,0s),Hz* and BSEP, thereby establishing
an electron-transfer quenching mechanism:;

K
Pt,(P,05)Hz* + BSEP —> Pt,(P,0,),H,*" + BSEP-

Stern—Volmer analysis of the quenching yields &k, = 5.5 X 10°
M s ([Pty(P,04);Hs"] ~ 104 M; 0.1 M NaClO,; 25 °C).
Both the quenching reaction and the bimolecular back-electron-
transfer (k = 1 X 10° M 57! for Pt,(P,0s),H;*~ and BSEP") are
near the diffusion limit for such processes in aqueous solution at
25 °C.

The 3A,,(de*po) state of Pt,(P,O,),Hs* is an extremely
powerful one-electron reductant in aqueous solution. Preliminary
experiments have shown that species such as Os(NH;)sCI** (£,
= -1.09 V vs. SCE)? and nicotinamide (E;;, = ~1.44 V vs.
Ag/AgCl; CH,0H, pH 7.2)%! are readily reduced by Pt,-
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(P,05)Hs**. From these and related experiments it is apparent
that Pt,(P,0s)H,** is a stronger reducing agent [E®(3~/4-*)
< -1V vs. NHE]}? than Ru(bpy);2** (E° = -0.88 V vs. NHE)?
in aqueous solution. We are now exploring several aspects of the
photoredox chemistry of Pt,(P,0s),Hg*, as the ease of generation
of Pt,(P,04),Hs** suggests that it will be a useful reagent for
a variety of substrate reductions.
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